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REVIEW
Virus-induced congenital malformations 
in cattle
Jørgen S. Agerholm1*, Marion Hewicker‑Trautwein2, Klaas Peperkamp3 and Peter A. Windsor4
Abstract 
Diagnosing the cause of bovine congenital malformations (BCMs) is challenging for bovine veterinary practitioners 
and laboratory diagnosticians as many known as well as a large number of not‑yet reported syndromes exist. Foetal 
infection with certain viruses, including bovine virus diarrhea virus (BVDV), Schmallenberg virus (SBV), blue tongue 
virus (BTV), Akabane virus (AKAV), or Aino virus (AV), is associated with a range of congenital malformations. It is 
tempting for veterinary practitioners to diagnose such infections based only on the morphology of the defective 
offspring. However, diagnosing a virus as a cause of BCMs usually requires laboratory examination and even in such 
cases, interpretation of findings may be challenging due to lack of experience regarding genetic defects causing 
similar lesions, even in cases where virus or congenital antibodies are present. Intrauterine infection of the foetus dur‑
ing the susceptible periods of development, i.e. around gestation days 60–180, by BVDV, SBV, BTV, AKAV and AV may 
cause malformations in the central nervous system, especially in the brain. Brain lesions typically consist of hydra‑
nencephaly, porencephaly, hydrocephalus and cerebellar hypoplasia, which in case of SBV, AKAV and AV infections 
may be associated by malformation of the axial and appendicular skeleton, e.g. arthrogryposis multiplex congenita. 
Doming of the calvarium is present in some, but not all, cases. None of these lesions are pathognomonic so diagnos‑
ing a viral cause based on gross lesions is uncertain. Several genetic defects share morphology with virus induced 
congenital malformations, so expert advice should be sought when BCMs are encountered.
Keywords: Bovine, Teratogen, Schmallenberg virus, Blue tongue virus, Bovine virus diarrhea virus, Akabane virus, Aino 
virus, Hydranencephaly, Hydrocephalus, Cerebellar hypoplasia, Porencephaly, Arthrogryposis
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Background
Bovine congenital malformations (BCMs) usually occur 
sporadically although some herds may experience an 
increased number of cases over time. Farmers may in 
such situations seek veterinary advice regarding the cause 
of the malformation. Veterinarians may also be faced 
with the challenges of BCMs during their examination 
of cattle, e.g. in association with dystocia. A pathomor-
phological diagnosis can usually be established in cases 
of central nervous system (CNS) and musculoskeletal 
malformations as such disorders are often readily rec-
ognisable. However, farmers and their veterinarians are 
usually much more interested in the aetiological diagno-
sis, which is generally more difficult to establish under 
field conditions.
The diagnosis of BCMs, especially virus-induced con-
genital malformations (VICMs), may be achieved by sub-
mitting appropriate materials to diagnostic laboratories, 
although this is rarely done systematically due mainly to 
the costs of shipment of specimens and laboratory analy-
ses. It is tempting for the veterinary practitioner to offer 
an aetiological diagnosis based only on the clinical find-
ings and gross lesions. However, the diagnosis of BCMs is 
a specialised field where significant knowledge of genetic 
and teratogenic syndromes may be required to achieve 
an accurate diagnosis. Detailed knowledge on BCMs is 
generally not a key competency of veterinarians in large 
animal clinical practice as they only face these disorders 
sporadically. Suggesting an aetiological diagnosis from 
limited observations and insufficient knowledge on the 
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causes and morphology of the wide spectrum of bovine 
congenital syndromes, may lead to misdiagnosis.
A particular challenge for veterinarians and laboratory 
diagnosticians is the differentiation of “true” VICMs (i.e. 
where a viral causal association can be established) from 
BCMs where exposure to a potential teratogenic virus 
during foetal development has occurred but the infection 
did not cause the pathology observed. Precolostral calves 
having VICM may either have congenital antibodies 
against a teratogenic virus or be virus-positive, as deter-
mined by viral nucleic acid detection [polymerase chain 
reaction (PCR)] or culture. Being antibody- or virus-pos-
itive does not necessarily imply that the virus caused the 
malformation as the outcome of a foetal infection with 
a teratogenic virus depends on factors such as the foe-
tal age at exposure and the teratogenic properties of the 
virus strain in particular [1–4]. Some calves having a con-
genital defect may be antibody- or virus-positive simply 
by coincidence, i.e. reflecting the prevalence of intrauter-
ine exposure in the general population and having been 
infected outside the gestational “window” of viral tera-
togenic effects. Interpretation of findings in BCM cases 
having consumed colostrum is complicated as antibodies 
may be of maternal origin and because antibodies may 
mask the presence of virus. Furthermore, some calves 
may have both VICM and BCM of another cause, cre-
ating more complications in achieving a diagnosis. It is 
tempting to associate the findings of antibodies or virus 
with the malformation, but unless there is scientific evi-
dence for such an association, such as pathology consist-
ent with viral lesions, this should be done with caution. 
Knowledge on the morphology of VICM in calves is cru-
cial when interpreting the significance of antibodies or 
virus in cases of BCM.
This paper aims to provide an overview of the basic 
knowledge required by bovine practitioners and 
laboratory diagnosticians on the gross morphology of 
VICM in cattle. This is supported by general informa-
tion on the viruses, pathogenesis, etc. to achieve a bet-
ter understanding. Diagnostic challenges are presented 
together with details on known genetic diseases of cattle 
sharing major features with VICMs. The most important 
teratogenic viruses of bovines, especially in a European 
context, are reviewed to assist readers to recognise and 
investigate VICMs in cattle, ensuring these disorders are 
correctly differentiated from BCMs due to other causes.
Search strategy
This critical review is based on a search in PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed) using the terms 
“cattle, bovine, malformation, congenital” combined with 
viral names: Schmallenberg virus, blue tongue virus, 
bovine virus diarrhea virus, Akabane virus, and Aino 
virus. The title and abstract of the obtained hits were 
evaluated and articles referring to the gross morphology 
were obtained and assessed in detail. In addition, our own 
archives were used as a source of additional information. 
Our extensive experience with BCMs and VICMs were 
used to critically evaluate the literature and our personal 
photo archives were used to illustrate the characteristics 
of VICMs in cattle.
Review
Bovine foetal infection with bovine virus diarrhea virus 
(BVDV), Schmallenberg virus (SBV), blue tongue virus 
(BTV), Akabane virus (AKAV), or Aino virus (AV), is 
associated with a range of congenital malformations of 
which the most prominent develop in the CNS, especially 
in the brain, with accompanying lesions frequently devel-
oping in the musculoskeletal system. A brief overview 
of the lesions is presented in Table 1, while an in-depth 
description is provided in the text and figures.
Table 1 Definition of  teratogenic lesions in  the central nervous, muscle and  skeletal systems and  their association 
with intrauterine infection with bovine virus diarrhea virus (BVDV), Schmallenberg virus (SBV), blue tongue virus (BTV), 
Akabane virus (AKAV), or Aino virus (AV)
Lesion Definition BVDV SBV BTV AKAV/AV
Hydranencephaly Extensive loss of cerebral tissue with replacement by clear fluid × × × ×
Porencephaly Cystic fluid filled cavities in the brain tissue × × × ×
Hydrocephalus Dilation of the lateral ventricles by cerebrospinal fluid × × ×
Microencephaly Reduced size of the cerebrum × × × ×
Cerebellar hypoplasia Reduced size of the cerebellum × × ×
Kyphosis Dorsal vertebral column curvature ×
Lordosis Ventral vertebral column curvature ×
Scoliosis Lateral vertebral column curvature ×
Torticollis Twisted cervical vertebral column curvature ×
Arthrogryposis Joint contraction of the limbs × ×
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Bovine virus diarrhea virus
Bovine virus diarrhea virus belongs to the genus Pesti-
virus of the family Flaviviridae. Based on antigenic and 
genetic characteristics, two genotypes (species), BVDV-1 
and BVDV-2, have been identified. Within each geno-
type, two biotypes characterized by their ability to dam-
age cultured cells have been found, i.e. cytopathogenic 
(cp) and non-cytopathogenic (ncp) biotypes [5].
The most commonly reported BVDV genotype is 
BVDV-1 and, although BVDV-2 strains in general are 
thought to be more virulent, both BVDV genotypes can 
induce the same spectrum of disease manifestations [3]. 
BVDV genotypes 1 and 2 and their two biotypes occur 
worldwide [6], although the infection has been almost 
eradicated in some countries [7].
The pathogenesis of BVDV infection in cattle is com-
plex and infections with the ncp biotype belonging to 
either BVDV-1 or -2 genotypes occurring before and 
during gestation may result in a wide range of clinical 
and pathological presentations [7]. The outcome of infec-
tions of pregnant cattle depends on the immunity of the 
dam, stage of gestation, the immunocompetence of the 
foetus, the virus biotype, and the virulence of the strain 
[2]. Transplacental infection of the developing foetus 
with ncp BVDV during the first 6  months of gestation 
may result in embryonic death, mummification, abortion, 
persistent infection, premature birth of a live but weak or 
undersized or apparently normal appearing calf, and var-
ious congenital malformations [2, 3, 6, 8, 9]. Teratogenic 
effects in the bovine foetus after infection of the dam 
with ncp BVDV have been reported to occur between 
gestation days (GDs) 79 and 150 and most commonly 
affect the CNS, which at that time is still in the process 
of growth and differentiation [2, 3]. The pathogenetic 
mechanisms of congenital defects are thought to result 
from a combination of direct cellular damage and inflam-
matory responses of the foetus to the virus [2]. The virus 
destroys immature foetal neuronal and neuroglial cells, 
causes failure of migration of these cells, and induces 
destruction of brain parenchyma. In the cerebrum, loss 
of brain tissue and failure of development leads to the 
formation of cavitating lesions, i.e. hydranencephaly and 
porencephaly [10]. BVDV-induced necrosis of external 
granular layer cells in the cerebellum and failure of these 
cells to migrate results in depletion of granule cells within 
the developing internal granular layer. Also, ectopia and 
degenerative changes of Purkinje cells occur. Inflamma-
tory vascular lesions leading to folial oedema, haemor-
rhages, and ischaemia are responsible for destruction of 
cerebellar folia and cavitating lesions in the cerebellar 
parenchyma [10]. The outcome of these lesions is a cer-
ebellum of reduced size grossly recognized as cerebel-
lar hypoplasia. Further congenital malformations after 
infection of bovine foetuses with BVDV include ocular 
lesions and alterations of thymus, bones, hair coat, lung, 
and kidneys [2].
The most frequent brain malformation after foetal 
spontaneous or experimental infection with BVDV is 
cerebellar hypoplasia [11–21]. Macroscopically, a con-
siderable variation in the extent of hypoplastic cerebellar 
lesions can be found. In severe cases, only small nubs of 
cerebellar tissue are present, in which regular differen-
tiation into lobes or folia is absent. In such brains, the 
choroid plexus is visible on the base of the 4th ventricle 
(Fig.  1a). In less severe cases of cerebellar hypoplasia, 
larger parts of the vermis and of the hemispheres are 
present. In other cases the malformed cerebellum shows 
only slight, uniform or irregular reduction in size of 
individual lobes and folia. Most cases of BVDV-induced 
cerebellar hypoplasia are associated with alterations of 
the cerebrum, i.e. hydranencephaly, hydrocephalus, or 
microencephaly [21–23].
In hydranencephaly, the cerebral hemispheres are 
transformed into large sac-like fluid-filled cavities, which 
are covered by thin, partly translucent leptomeninges 
(Fig. 1b, c). In such cases, upon severing the head from 
the vertebral column and also during opening the skull, 
clear, watery cerebrospinal fluid drain off from the ver-
tebral canal and from the sac-like cavities. The cerebral 
lesions most severely affect the posterior and dorsal 
parts of the hemispheres (Fig.  1b). Transverse sections 
of hydranencephalic brains reveal severely dilated lateral 
ventricles and presence of remnants of atrophic cerebral 
brain tissue (Fig. 1c).
In cases of hydrocephalus, the lateral ventricles are 
slightly or markedly dilated with accumulation of clear 
cerebrospinal fluid (Fig. 1d). Macroscopically, depending 
on the degree of ventricular enlargement, the hydroceph-
alus can be associated with the presence of an enlarged 
and dome-shaped calvarium (Fig. 1e).
Microencephaly, characterized by subnormally-sized 
cerebral hemispheres occurs less frequently [21, 23]. 
Porencephaly is characterized by the presence of circum-
scribed variable-sized cystic cavities, which may occur in 
the cerebral hemispheres or in the cerebellum (Fig.  1d, 
f ). Porencephalic cysts in brains of BVDV infected calves 
are located in the white matter alone or both in the grey 
matter (cortex) and white matter and, depending on 
their size, are macroscopically visible or can be found 
at microscopical examination [21, 23]. In brains with 
hydrocephalus, cavitating lesions may also be present 
in the periventricular brain parenchyma (porencephaly) 
(Fig. 1d) [21]. This suggests that the dilation of the ven-
tricles represents hydrocephalus ex vacuo, i.e. the dilation 
of the ventricles is due loss of periventricular paren-
chyma. Both in spontaneous and experimental cases of 
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Fig. 1 Teratogenic lesions associated with intrauterine infection with bovine virus diarrhea virus (BVDV) in cattle. The lesions are representative 
also for other teratogenic viruses infecting cattle. a Severe cerebellar hypoplasia. There are only small irregular parts of the developing cerebellum 
(black asterisk). Posterior to the cerebellar tissue, the 4th ventricle is visible which is covered by congested choroid plexus tissue (white asterisk). b 
Hydranencephaly. The posterior and dorsal parts of the cerebral hemispheres are collapsed, partially ruptured and covered by thin membranes 
consisting of congested leptomeningeal tissue. The cerebellum is severely hypoplastic and reduced to a small, narrow mass of tissue (arrows). 
Between the posterior parts of the collapsed cerebral hemispheres and the hypoplastic cerebellum the rostral and caudal colliculi (asterisks) of the 
quadrigeminal plate are visible. c Hydranencephaly. There is marked bilateral thinning of the grey and white matters of the cerebral brain tissue 
surrounding the extremely dilated lateral ventricles. The dorsal parts of the cerebral hemispheres are partially covered by thin, partly translucent 
leptomeninges. Beneath the meninges the brain tissue is focally absent (arrow). Transverse brain section at the level of the optic chiasm. d Bilateral 
internal hydrocephalus. There is slight dilation of both lateral ventricles (asterisks). In the cerebral white matter bilateral porencephalic cysts are 
present (arrows). e Doming of the calvarium due to hydrocephalus. f Porencephalic cysts in the cerebellum. Cut surfaces of cerebellar tissue reveal 
the presence of variable‑sized cystic cavities affecting the cerebellar hemispheres and the vermis (arrows). a–e Spontaneous foetal infection with 
BVDV, f Experimental foetal BVDV infection
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bovine BVDV infection, hypomyelination of brain and 
spinal cord white matter has been described [24–28]. In 
case of hypomyelination, macroscopic abnormalities are 
absent and detection requires histological examination 
and confirmation of deficiency of stainable myelin by 
special staining (e.g. Luxol fast blue stain) of CNS tissue.
Congenital ocular lesions after spontaneous or experi-
mental BVDV infection of bovine foetuses are commonly 
associated with cerebellar hypoplasia known as oculo-
cerebellar syndrome [13, 14, 18, 19]. Macroscopically, 
bilateral microphthalmia and/or cataracts may occur, and 
histologically retinal dysplasia, optic neuritis, and atro-
phy can be found [2]. Other, congenital malformations 
that have been associated with BVDV infection include 
thymic hypoplasia, brachygnathia inferior, changes of the 
hair coat (hypotrichosis/alopecia, curly hair), hypoplasia 
of lung, renal dysplasia, deranged osteogenesis (growth 
arrest lines), and growth retardation [2, 29]. These lesions 
can occur either as single entities or can be associated 
with CNS or ocular lesions.
Schmallenberg virus
Schmallenberg virus is a member of the genus Orthobu-
nyavirus, characterized by three genomic ssRNA seg-
ments, and has been classified within the species 
Sathuperi virus of the Simbu serogroup [30]. SBV was 
discovered in 2011 as a novel and emerging pathogen in 
ruminants in north-western Europe and appeared as the 
first orthobunyavirus on this continent [31].
Several orthobunyaviruses of the Simbu serogroup 
show teratogenic properties in ruminants and transpla-
cental orthobunyaviral infections, resulting in congenital 
malformations, have been reported in Asia, Australia, 
Africa and the Middle East [32–34].
Like most orthobunyaviruses, SBV is transmitted by 
Culicoides spp. biting midges [35–37] and a rapid spread 
of SBV in vectors and hosts occurred in Europe, follow-
ing its first detection in Germany and The Netherlands 
[38–40]. Although the origin of SBV has not been elu-
cidated, the virus was introduced in the region of the 
German-Dutch borders [41]. Within 2  years, SBV dis-
seminated into 27 European countries, indicating a very 
efficient transmission through the arthropod vector [35, 
41].
Hosts are infected during the vector active period and 
naïve adult cattle show none or only mild clinical signs 
such as transient fever, diarrhea, anorexia and reduced 
milk production during 3–11  days [41–43]. Infection 
during the gestation period may lead to transplacental 
infection of the foetus, however, the rate of vertical trans-
mission seems low [44]. Teratogenic effects depend on 
the foetal developmental stage at the time of infection 
and as neuronal cells in the developing CNS are the target 
cells [45], infection results in a syndrome of congenital 
hydranencephaly and arthrogryposis. Furthermore, the 
foetal bovine immune system, being developed between 
approximately GDs 40 and 175, is capable to react with 
a CNS inflammatory response [46]. CNS lesions develop 
after infection between GDs 60 and 180, the vulnerable 
period of the foetal CNS [47, 48]. The severity of lesions 
in the brain and spinal cord depends on a complex inter-
action between foetal neurogenesis and immunocom-
petency and virulence of the strain [46]. SBV infection 
during early gestational stages results in severe dysplastic 
CNS lesions, whereas late gestational infections lead to 
encephalomyelitis [49].
Like most viral infections, transplacental transmission 
of SBV does not elicit placentitis and most malformed 
calves are stillborn at term. The weight of malformed 
calves is significantly less than normal with a correlation 
between the body mass deficit, the severity of the malfor-
mations and the amount of skeletal muscles [50].
Malformations of the vertebral column and arthro-
gryposis, which are regarded secondary to dysplastic 
CNS lesions, are the most conspicuous exterior gross 
lesions in affected calves (Fig.  2a). The most frequently 
observed malformation of the vertebral column is torti-
collis, often in combination with scoliosis and/or kypho-
sis of the thoracic part of the vertebral column. Thoracic 
vertebral column malformations are often associated with 
a flattened ribcage. Scoliosis, kyphoscoliosis and kypho-
sis without torticollis appear less frequently and lordosis 
of the thoracolumbar part is observed sporadically. Con-
genital arthrogryposis of all four limbs (arthrogryposis 
multiplex congenita) appears in various degrees with 
bilaterally symmetric arthrogryposis in both fore- and 
hindlimbs as the most frequently observed malformation 
of the extremities. Sometimes, arthrogryposis is only pre-
sent in both forelimbs or, rarely, only in both hindlimbs. 
Occasionally, unilateral arthrogryposis occurs, again 
mainly, if present, in the forelimbs. In most malformed 
calves congenital arthrogryposis is accompanied with 
vertebral column malformations, whereas vertebral col-
umn malformations without arthrogryposis are only 
observed sporadically [49, 50].
The axial and appendicular bones are normally founded 
and the vertebral malformations and arthrogrypo-
sis develop due to imbalance in foetal muscular activ-
ity (flexor vs. extensor muscles) occurring secondary to 
loss of neurons. In the brain and spinal cord, neuron loss 
is reflected in both the loss of descending tracts in the 
ventral spinal cord white matter and in the loss of ven-
tral horn motor neurons in the spinal cord grey matter 
and in deficient ventral spinal nerve roots. Loss of spinal 
cord tissue, grossly visible in severely affected cases as a 
small dorsoventral flattened spinal cord (micromyelia), 
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accounts for failure of normal skeletal muscle develop-
ment due to denervation of the axial and appendicular 
musculature and hence to vertebral column malforma-
tion and arthrogryposis, respectively. Skeletal muscle tis-
sue of arthrogrypotic limbs is hypoplastic, reflecting the 
extent of spinal cord dysplasia in the cervical and lumbar 
intumescences [49, 50].
Occasionally, a flattened skull and brachygnathia infe-
rior are found. Deformation of the skull is assessed in 
combination with brain malformations. Neuroparen-
chymal loss in the brain may be visible by more or less 
severe defects in the grey and white matter of the cer-
ebrum, cerebellum, midbrain, brainstem and medulla. 
Cerebral defects range from microencephaly, poren-
cephaly in combination hydrocephalus and lack of gyri 
(lissencephaly) to hydranencephaly with only a small rim 
of cortical tissue left (Fig.  2b). Cerebellar hypoplasia is 
mainly observed in combination with cerebral defects, 
which also accounts for dysplasia of the midbrain, brain-
stem and medulla [49, 50].
Blue tongue virus
Bluetongue virus, the causative agent of the disease blue-
tongue (BT) in ruminants, is a member of the genus 
Orbivirus within the Reoviridae family, with a genome, 
consisting of 10 dsRNA segments. Currently, 26 sero-
types are distinguished, determined by variations of the 
outer-capsid protein VP2, which induces specific virus-
neutralising antibodies [51]. The global distribution of 
BTV in temperate and (sub)tropical zones coincides with 
the presence of Culicoides spp. biting midges, transmit-
ting BTV between ruminant hosts. The regional presence 
of the various BTV serotypes is associated with particular 
Culicoides spp. [52]. BT most commonly occurs in sheep, 
whereas cattle, acting as reservoir, sporadically develop 
clinical signs. The clinical outcome of a BTV infection 
varies with virulence and transmission potential of the 
infecting strain (phenotype) and depends on host (spe-
cies, breed, age, immune status), vector and environmen-
tal factors [4, 53]. After infection of a susceptible host, 
BTV disseminates via the regional lymphnode to vari-
ous organs, especially the lung and spleen. Subsequently, 
BTV replicates in mononuclear leukocytes and endothe-
lial cells, organizing vascular injury, coagulopathy and 
hypovolemic shock [52].
Seasonal outbreaks of BT due to BTV serotypes 1, 2, 4, 
9 and 16 have appeared since 1998 in the Mediterranean 
Basin at the boundaries of the temperate zone [52]. How-
ever, in 2006 BTV serotype 8 (BTV-8) emerged unexpect-
edly in north-western Europe, far beyond the previously 
known geographic area of BT and being an unknown 
serotype within Europe [54–56]. Initially, the morbidity 
and mortality rate in sheep and cattle appeared moder-
ate, compared with other BTV-serotypes, but the sever-
ity and impact increased in the following 2 years [57, 58]. 
Clinical signs, also obvious in cattle, included fever, sali-
vation, facial oedema, lesions on lips and nostrils, ulcera-
tions in the oral and nasal mucosa, including tongue and 
gingiva, and coronitis [54]. Yet, in addition, BTV-8 exhib-
ited an ability to cross the ruminant placenta, an unusual 
and unprecedented property of wild-type BTV, causing 
congenital brain malformations [59–65].
Experimental infections with various BTV-serotypes, 
using direct inoculation in bovine foetuses, have demon-
strated that infection early in gestation, i.e. approximately 
between GDs 70 and 130, results in brain malformations. 
Infection during this time window causes hydranen-
cephaly, occasionally combined with cerebellar defects, 
or leads to porencephaly and hydrocephalus [1]. As 
Fig. 2 Teratogenic lesions associated with intrauterine infection with 
Schmallenberg virus (SBV) in cattle. a Generalised arthrogryposis of 
the appendicular skeleton (arthrogryposis multiplex congenita) and 
vertebral column malformation, including torticollis and kyphosco‑
liosis. b Hydranencephaly, brachygnathia inferior and thickened flat 
bones of calvarium. Parasagittal section through the head exposing 
the severely dilated right lateral ventricle (asterisk). a–b Spontaneous 
foetal infection with SBV
Page 7 of 14Agerholm et al. Acta Vet Scand  (2015) 57:54 
immunocompetency develops, foetal infection during the 
second half of gestation, i.e. from GD 145 onwards, may 
also be followed by clearance of the virus, resulting in a 
seropositive but PCR-negative live-born calf. However, 
acute infection at the final stage of gestation could lead 
to a seronegative PCR-positive offspring [63]. A seron-
egative PCR-positive calf could also indicate the exist-
ence of immunotolerance and hence persistently infected 
calves, though to date no convincing evidence has been 
presented for this phenomenon [56].
In cattle transplacental transmission with high rates 
ranging from 16 % [66] to 35 % [61, 67] not only causes 
reduced fertility and abortion but also results in a sig-
nificant higher risk of a PCR-positive newborn calf, 
when infected in the second half of gestation compared 
to infection in the first half of gestation. Follow-up of 37 
seemingly healthy PCR-positive calves up to 5  months 
after birth showed that BTV-8 was not detectable any 
longer by PCR at the end of the sampling period [68]. 
Apparently, seemingly healthy PCR-positive calves may 
be the outcome of foetal infection during the second 
half of gestation whereas foetuses with cerebral defects, 
infected during the vulnerable time window of CNS 
development at the first half of gestation, are also able 
to survive an intrauterine BTV-8 infection. These latter 
calves may show behavioural abnormalities, including 
dullness, inability to stand and suck well, disorientation 
and impaired vision, also referred to as “dummy calf”. 
Pathological changes in these cases, up to many months 
after birth, are confined to hydranencephaly, reflecting 
the predominant involvement of the cerebral cortex in 
interpretation of stimuli and behavioural patterns, and 
the function of intact remains of the brain, performing 
vital functions and locomotion [69].
Teratogenic BTV affects neuronal and glial precur-
sor cells in the brain. Furthermore, vascular injury and 
infarction in the cerebrum may contribute to cerebral 
defects [69, 70]. Foetuses infected at later stages of ges-
tation show encephalitis but no brain malformations 
[70–72].
Lesions in aborted or stillborn bovine foetuses associ-
ated with spontaneous foetal BTV-8 infections mainly 
consist of hydranencephaly, while porencephaly is 
observed less frequent. This probably reflects the foetal 
gestational age at the time of infection as seen in experi-
mental infections [1]. Both lesions may be accompanied 
by cerebellar hypoplasia, which vary in severity from mild 
to almost complete lack of cerebellum. A slightly domed 
calvarium is present in some cases of hydranencephaly 
[59].
In liveborn intrauterine BTV-8 infected calves, surviv-
ing for up to several months, the dominating lesion is 
hydranencephaly (Fig. 3), although some cases may have 
hydrocephalus, probably due to periventricular loss of 
tissue [59, 60, 69].
Intrauterine BTV-8 infections do not cause signifi-
cant lesions to the brainstem, medulla and spinal cord 
and hence are not associated with musculoskeletal dis-
orders such as arthrogryposis and vertebral column 
malformations.
Akabane and Aino viruses
The arthropod-borne Akabane virus (AKAV) and Aino 
virus (AV) are members of the genus Orthobunyavirus, 
and are the most pathogenic members of the Simbu sero-
group in the family Bunyaviridae. Their principal vectors 
are Culicoides spp. biting midges, particularly Culicoides 
brevitarsis. AKAV was first suspected of causing con-
genital abnormalities in 1974 in Japan, with the distinct 
syndromes of hydranencephaly and arthrogryposis, 
sometimes accompanied by other abnormalities includ-
ing abortion, stillbirth, polioencephalomyelitis and pos-
sibly microencephaly, frequently observed in parts of 
Australia [73–75]. AV is related to AKAV and has been 
occasionally associated with hydranencephaly and 
arthrogryposis in Australia but is antigenetically and 
biologically distinct [76], as is the closely related Chuzan 
virus [77].
AKAV is widely distributed in tropical and subtropi-
cal regions of Australia where it regularly infects young 
female cattle prior to gestation. Thus clinical signs are 
rarely observed in these endemic zones above the so-
called “brevitarsis line” (see Additional file  1) with the 
exception of introduced pregnant naïve cattle. However, 
AKAV is one of the most potent teratogens of domestic 
ruminants and has been isolated from cattle, sheep and 
Fig. 3 Hydranencephaly associated with intrauterine infection with 
bluetongue virus (BTV) in cattle. Specimen of the right half of the 
brain of a 4‑days‑old calf, born 2 weeks before term with nervous 
symptoms and blindness. The dorsal part of the cerebral hemisphere 
is ruptured and collapsed (asterisk) while the midbrain, brainstem, 
cerebellum and medulla oblongata are not affected. Spontaneous 
foetal infection with BTV
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goats, with infection of naïve pregnant cattle associated 
with an occasional severe epizootic, or more regular spo-
radic outbreaks of hydranencephaly or arthrogryposis 
(Fig.  4a, b), with the nature of the lesions dependent 
on the stage of gestation when the cattle were infected. 
AKAV is also suspected of causing abortion, premature 
births, stillbirths and possibly other congenital abnor-
malities of the CNS, including porencephaly and micro-
encephaly [78].
An investigation of a bovine epizootic of congeni-
tal hydranencephaly and arthrogryposis in New South 
Wales (NSW), Australia resulted in the identification of 
five groups of foetal abnormalities, corresponding to the 
gestational age of infection, from late (group 1) to early 
(group 5) [73]. Group 1 lesions comprised a microscopic 
non-suppurative encephalomyelitis; group 2 lesions were 
characterised by loss of spinal cord ventral horn motor 
neurons and Wallerian-type degeneration of ventral spi-
nal nerves, resulting in ataxia, flaccid paralysis or mild 
arthrogryposis; group 3 was similar to group 2, but more 
severe; group 4 featured arthrogryposis, hydranencephaly 
and sometimes porencephaly while group 5 was similar to 
group 4, but more severe. Subsequent observations sug-
gest that hydrocephalus with doming of the skull is rare in 
AKAV infection and when observed, involves severe dila-
tion of the lateral ventricles that is presumably secondary 
to blockage of CSF flow in cases of severe hydranenceph-
aly (PAW, unpublished observations). Further, malforma-
tions of the vertebral column are infrequently observed 
in AKAV infection, with spinal lesions mostly limited to 
microscopic changes including depletion of ventral horn 
neurones, associated with arthrogryposis [74].
A prospective study in the Hunter Valley coastal region 
of NSW in eastern subtropical Australia, enabled an 
understanding of the sequence of lesions induced in the 
bovine foetus under field conditions [74]. In this region, 
C. brevitarsis is suspected of over-wintering in protected 
valleys, with peak activity in the summer period causing 
infection with AKAV usually before or during the mat-
ing period so that heifers are immune at or shortly after 
joining. However, outbreaks of hydranencephaly and 
arthrogryposis occur when naïve pregnant animals are 
exposed to the virus, either by “spill-over” of the insect 
vectors from the endemic geographic areas of the coast 
to further inland where naïve cattle reside, or when naïve 
pregnant animals are transported from a non-vector area 
into AKAV endemic areas for agistment and other pur-
poses, particularly during drought [75, 79]. Changes in 
the distribution of the vector occur from year to year and 
concern that changing climatic conditions can result in 
the sudden exposure of large numbers of naïve animals to 
viral infection and an epizootic outbreak of disease occur, 
ensures that both arthropods populations and serologi-
cal responses to the arboviruses are monitored regularly 
throughout Australia by the National Arbovirus Moni-
toring Program (NAMP).
Fig. 4 Teratogenic lesions associated with intrauterine infection with 
Akabane virus (AKAV). a Exposure of the brain after removal of the 
dorsal aspect of the skull. The hemispheres are partly collapsed due 
to severe hydranencephaly. Fluid is oozing out the brain cavities (due 
to damage to the vulnerable remnants of the cerebrum during open‑
ing of the skull) and surrounds the brain. Notice the normal sized 
cerebellum. Hydranencephaly usually develops in foetuses infected 
with AKAV between days 79 and 104 in gestation. b Generalised 
arthrogryposis of the appendicular skeleton, which typically develops 
in foetuses infected with AKAV between days 103 and 174 in gesta‑
tion
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In summary, AKAV outbreaks have been recorded 
commonly in coastal NSW in eastern Australia and 
occasionally beyond in eastern Australia as a result of 
movement of pregnant cattle into the endemic region or 
movement of insect vectors beyond the AKAV endemic 
region. Seroconversion and disease are strongly linked to 
the presence of C. brevitarsis [80].
As with other teratogenic viruses, the pathogenic out-
come of infection depends on the age of foetal exposure. 
In cattle, infection between GDs 79 and 104 results in 
hydranencephaly, whereas exposure at GDs 103-174 
causes arthrogryposis, with focal Wallerian-type degen-
eration in the brain and spinal cord [74]. Clinical signs 
of AKAV infection are not usually observed during the 
postnatal viraemic period in cattle in Australia, although 
encephalomyelitis has been suspected and is occasion-
ally seen in calves [81] and adult cattle [82] infected post-
natally in Japan.
Congenital syndromes not proven as VICM
Calves with congenital malformation syndromes of non-
viral cause may be exposed to a potential teratogenic 
virus during foetal development by accident. These calves 
are thus born with evidence of congenital infection, con-
firmed by either demonstration of congenital antibodies 
by serology or virus infection by culture or PCR. A num-
ber of such cases have been published as observational 
reports and also appear in diagnostic laboratory surveys 
and reports. A fine example is the diagnosis of Inherited 
Congenital Myoclonus (formerly known as Hereditary 
Neuraxial Oedema) in a neonatal Poll Hereford calf that 
presented as stillbirth in an experimental breeding herd 
for this disease, but the calf had also been infected by 
AKAV infection that resulted in severe hydranenceph-
aly [83]. At necropsy, the presence of bilateral fractured 
coxae was consistent with the diagnosis of Inherited 
Congenital Myoclonus causing severe adduction of the 
hindlimbs in utero, as invariably occurs in this disorder 
[83]. However, the presence of severe hydranencephaly 
due to AKAV infection that had ablated the cerebral cor-
tex, indicated that an intact cerebrum that could become 
oedematous was unnecessary for the signs of Inherited 
Congenital Myoclonus to occur. The importance of this 
serendipitous case was that it indicates that the meta-
bolic error in Inherited Congenital Myoclonus was distal 
to the brain (and not involving oedema of the neuraxis), 
with subsequent studies demonstrating that the myo-
clonic signs were attributable to an inherited deficiency 
of spinal glycine receptor mediated inhibitory feedback 
of lower motor neurones [84].
A list of similar examples is likely to be exhaustive and 
difficult to access as such cases do not necessarily appear 
in a literature search. However, some cases have been 
published as regular scientific articles and are summa-
rized here to provide an overview of BCM syndromes 
found in calves exposed to teratogenic virus, but scien-
tific evidence of a causal association is lacking in all cases.
Perosomus elumbis This congenital syndrome is char-
acterised by lack of the lumbar, sacral and coccygeal 
spinal cord and the corresponding vertebrae. The cau-
dal half of the calf consequently consists of a soft tissue 
sack enclosing the abdominal organs and with dysplastic 
arthrogrypotic hind limbs attached to a malformed pel-
vis [85]. A case of perosomus elumbis with concurrent 
BVDV infection has been reported [86]. The cause of per-
osomus elumbis is at present unknown.
Cyclopia The most obvious finding in cyclopia cases is 
the presence of a single large eye located in facial midline. 
This defect has been reported in a calf with congenital 
antibodies against BVDV [87]. Bovine cyclopism devel-
ops due to damage to the developing foetal forebrain dur-
ing a narrow period of vulnerability on or about GD 14 
[88]. The presence of congenital antibodies in this case 
showed the foetus was exposed to BVDV much later, 
i.e. later than around GD 90, where the foetus becomes 
immunocompetent [2], so BVDV was superimposed on 
an already existing malformation.
Congenital bone fragility Congenital bone fragility was 
reported in a calf with persistent BVDV infection. Uni-
lateral fractures of the metaphyseal region of femur and 
tibia was observed, but histology revealed a generalized 
segmental disruption of trabecular modelling, includ-
ing loss of trabecular bone [89]. Growth arrest lines 
were present in the bones; a lesion associated with foe-
tal BVDV infection that indicates that an infected foe-
tus may undergo several crises with growth arrest [24]. 
However, the bone fragility was probably unrelated to the 
BVDV infection.
Congenital syndromes resembling VICMs
Bovine VICMs are most readily characterized by a 
rather uniform spectrum of lesions in the CNS such 
as hydranencephaly and cerebellar hypoplasia. How-
ever, neither these lesions, nor the associated localized 
or generalized arthrogryposis of the axial and appen-
dicular skeleton seen in SBV and AKAV infected foe-
tuses are pathognomonic. Malformations of the CNS 
and the musculoskeletal system are the most commonly 
recorded congenital defects in cattle [90] and in addi-
tion to teratogenic viruses, a wide range of other causes 
including genetic defects may cause such lesions. An 
up-dated overview of genetic disorders can be found at 
http://omia.angis.org.au/home/. However, it is impor-
tant to remember that even though some teratogenic and 
genetic causes of BCMs are known, a substantial number 
of at present unknown aetiologies most likely exists and 
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remain to be diagnosed. Practitioners and diagnosticians 
require awareness of this dilemma as it may lead to mis-
diagnosis of the cause of BCMs and in case of inherited 
syndromes, lead to an unrecognised spread of the defect 
within a herd or breed. Expert advice should be sought 
and calves submitted for extended diagnostic investiga-
tion where surveillance programs for genetic diseases are 
in place.
A number of inherited congenital syndromes that 
closely resemble SBV-, AKAV- and AV-induced gen-
eralized arthrogryposis and distortion of the skeleton 
have been reported. The molecular background of these 
syndromes differs, but disturbed neuro-muscular devel-
opment appears central in the pathogenesis. Inherited 
syndromes of tetramelic arthrogryposis and palatoschisis 
have been reported, especially in the Charolais and Her-
eford breeds e.g. [91–93], although similar non-specific 
syndromes may occur in most breeds [94]. Palatoschisis 
is not reported to be a part of VICMs.
A specific inherited defect belonging to the “arthro-
gryposis multiplex congenita syndrome” complex, origi-
nally termed “Curly calf syndrome”, has been reported in 
Angus cattle [95]. Affected stillborn fullterm calves have 
reduced birth weights (15–25 kg). The forelimbs are nor-
mally observed in fixed flexion, with hind limbs usually 
found fixed in extension. Lateral deviation of the facial 
bones is commonly observed, with severe rotational 
deviation of the cervical, thoracic and lumbar vertebral 
column and deformation of the ribcage and sternum 
secondary to the scoliosis, frequently observed. Mild 
hydrocephalus and palatoschisis may also be occasionally 
observed. This defect was transmitted by the elite US sire 
GAR Precision 1680 mainly through his son CA Future 
Direction 5321. The causal mutation has been identified, 
but not published (see Additional file 2).
Arachnomelia, an inherited syndrome recognized in 
the Brown Swiss and Simmental breeds, share some 
similarities with VICMs, such as kyphosis, scoliosis and 
tetramelic arthrogryposis. However, the long bones of 
the limbs are longer and thinner than normal and the 
maxillae and frontal bones are deformed [96, 97]; lesions 
that are usually not present in bovine VICM cases.
Genetic disorders resembling BVDV- and BTV-
induced CNS lesions, identified as malformations mainly 
restricted to the CNS without associated arthrogrypo-
sis, do occur, although few have been reported. The 
worldwide occurrence of BVDV and its well-established 
association with cerebellar hypoplasia has probably out-
numbered the sporadic cases of non-infectious aetiology, 
so cases of cerebellar hypoplasia are generally consid-
ered to be a VICM by practitioners and diagnosticians in 
regions where this infection is endemic. Cases of cerebel-
lar hypoplasia in Hereford [98] and Shorthorn calves [95] 
and cerebellar abiotrophy in Angus cattle [99] occurring 
in a familial pattern that indicated a genetic aetiology 
rather than a teratogen, have been reported, although it is 
very likely that similar syndromes have occurred in many 
breeds.
Neuropathic hydrocephalus is an autosomal reces-
sive defect in Angus cattle that is characterised by foetal 
growth retardation and an extremely severe hydrocepha-
lus with doming of the calvarium. The malformed skull 
causes dystocia and drainage of the cerebrospinal fluid 
is required to achieve vaginal delivery [95]. The causal 
mutation of this defect is known, but not published (see 
Additional file 3).
Other likely genetic defects characterised by hydro-
cephalus such as two distinct syndromes in Hereford 
cattle have been reported in older literature [100]. How-
ever, since hydrocephalus and hydranencephaly are often 
considered to be caused by viral teratogens detailed 
investigation on sporadic cases is rarely reported as the 
aetiology mostly remains unsolved. However impor-
tantly, the eventual recognition of inherited neuropathic 
hydrocephalus in Angus cattle despite high foetal mor-
tality rates, clearly demonstrates that inherited forms 
can emerge rapidly and that it is likely that other entities 
remain to be recognized.
How to approach suspected cases of VICM in cattle
Arthrogrypotic syndromes are usually readily recognized 
by clinicians but can be difficult to differentiate aetiologi-
cally. However, malformations that only involve the CNS 
are more challenging to diagnose in large animal prac-
tice, especially if the shape of the calvarium is normal. 
Hydrocephalus, hydranencephaly, porencephaly, and 
cerebellar hypoplasia may be the only gross lesions pre-
sent in bovine VICMs, especially in BVDV-, BTV- and 
AKAV- exposed foetuses. Clinical signs vary depending 
on the extent of the lesions, but are usually non-specific 
and affected calves may live for several months. Appro-
priate diagnostics requires examination of the brain and 
although the skull can be opened in the field, detailed 
examination usually requires submission to a labora-
tory. Oozing of larger volumes of clear fluid through the 
foramen magnum during decapitation or a domed cal-
varium often indicates the presence of hydrocephalus 
or hydranencephaly. Palatoschisis has not been reported 
in association with VICMs. Ocular lesions such as reti-
nal dysplasia and retinitis in combination with brain 
malformation and/or encephalitis are regarded as highly 
indicative for foetal BVDV exposure. However, the diag-
nosis of VICMs in cattle based on only gross lesions is 
insufficient even in cases with arthrogryposis and is not 
recommended unless the malformed calves have charac-
teristic lesions and occur during a well-defined outbreak, 
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preferably supported by serological or virological evi-
dence of recent infection.
Veterinary practitioners should seek advice from experts 
in bovine teratology when encountering BCMs. Submis-
sion of materials should ideally consist of the entire calf, 
maternal blood samples and anamnesis, including herd 
status for viral diseases, vaccination and pedigree data. 
Euthanasia by the use of a captive bolt pistol should be 
avoided and submission of fresh, if possible cooled, rather 
than frozen cadavers is preferred. If submission of the car-
cass isn’t feasible, photos and description of gross lesions 
and submission of the head, lung, spleen and precolostral 
blood sample/pleural effusion sample may be used to con-
firm VICMs, but access to the entire carcass is needed to 
perform a thorough investigation.
The geographical region may be of some use for the 
practitioner to rule out certain VICMs. BVDV has been 
eradicated in some countries and the occurrence of the 
vectors of SBV, BTV, AKAV and AV may be restricted to 
certain regions or habitats, although the recent transmis-
sion of BTV and SBV in Europe indicates that such pre-
conceived notions can be challenged.
The season at which malformed calves are delivered 
may also indicate if an insect vector transmitted virus 
such as SBV, BTV or AKAV may be implicated. Full-
term malformed offspring may be delivered in a wide 
time-frame or “window”, from around 80–220 days after 
foetal exposure, so the vectors must have been active at 
that time of gestation. Although the risk of transmission 
is higher during periods with high environmental tem-
peratures, transmission may occur even during periods 
with temperatures of 5–9 °C [101], which is not unusual 
in many regions of Europe during the winter period. The 
season of birth of defective offspring can therefore not 
be used to rule out a VICM in cattle although the risk is 
higher in some periods. Further, in AKAV infection in 
herds with extended mating seasons, the delivery of mal-
formed calves may indicate that calves in mid-gestation 
were infected and the virus has induced lesions only in 
the spinal cord (between GDs 103 and 173), whereas 
calves conceived later in the breeding season may have 
been exposed earlier in the development of their CNS, 
so lesions will only involve the cerebrum and calves will 
likely present within a few weeks with hydranencephaly 
(following infection between GDs 79 and 104).
The presence of maternal antibodies may indicate a spe-
cific viral aetiology in regions where the infection is not 
enzootic and where vaccination hasn’t been performed. As 
foetal lesions develop several months before parturition, 
sufficient time exists from the onset of infection to deliv-
ery of malformed offspring, for virus-specific antibodies 
to be produced. Congenital antibodies in either precolos-
tral serum or pleural/pericardial effusion sampled during 
necropsy are consistent with intrauterine infection of the 
foetus after it has become immunocompetent, i.e. around 
GD 80–90 [2, 102]. However, in VICMs occurring prior 
to the onset of foetal immune competency such as BVDV 
infection, the virus may escape recognition by the foetal 
immune system, leading to persistently infected, but seron-
egative individuals (so-called “persistently infected calves”). 
Infected foetuses may also be aborted before a significant 
antibody response has developed. In addition to serology, 
it is therefore imperative that examination for virus or viral 
antigen is performed, e.g. by PCR, cell culture or in  situ 
detection methods. However, as previously advised, it is 
important to stress that identification of the presence of 
infection, either as virus or antibodies, doesn’t necessarily 
imply that the virus is the cause of the malformation.
Examination of pedigrees for inbreeding is sometimes 
used as a practical tool to differentiate between inherited 
and non-inherited syndromes, including VICMs. How-
ever, again, this may be unreliable as although inbreeding 
may indicate the possibility of a genetic aetiology, it does 
not preclude other causes of the BCM. Furthermore, a 
number of described BCMs of genetic aetiology have 
occurred in large numbers without readily identifiable 
inbreeding having occurred, such as a common ancestor 
being present within 2–3 generations [96].
Conclusions
VICMs caused by BVDV, SBV, BTV, AKAB and AV mainly 
involve the CNS as the developing brain is generally vul-
nerable to the teratogenic properties of these viruses from 
around GD 60–180 but with individual viral time prefer-
ences. These viruses may cause necrosis of the neuroparen-
chyma that may be exacerbated by the foetal inflammatory 
response, leading to disturbance of tissue integrity, grossly 
recognized as hydranencephaly, hydrocephalus (ex vacuo), 
porencephaly, and cerebellar hypoplasia, although the lat-
ter lesion is rarely observed in AKAV infection. Recogni-
tion of these lesions often requires inspection of the brain, 
but may in some cases be associated with a domed calva-
rium, usually indicating the presence of hydrocephalus. 
As SBV, AKAB and AV also causes damage to the spinal 
cord leading to disturbed innervation of the skeletal mus-
culature, these VICMs may be recognized clinically as 
arthrogryposis of the limbs and deviation of the vertebral 
column, such as torticollis and scoliosis.
None of the gross lesions are pathognomonic for 
VICMs as a number of genetic disorders resemble the 
congenital teratogenic syndromes. It is therefore recom-
mended to seek advice from experts in bovine teratol-
ogy and genetic diseases before diagnosing VICMs in 
practice and if possible, submit the animal for laboratory 
examination. As the association of a suspected VICM as 
the cause of a BCM is best confirmed by demonstration 
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of lesions known to be associated with viral infection, 
supported by demonstrating the presence of congenital 
antibodies or virus indicative of foetal infection, the diag-
nosis of a congenital syndrome should be done carefully 
and be evidence based.
Abbreviations
AKAV: Akabane virus; AV: Aino virus; BCM: bovine congenital malformation; 
BT: bluetongue; BTV: blue tongue virus; BTV‑8: blue tongue virus serotype 
8; BVDV: bovine virus diarrhea virus; CNS: central nervous system; Cp: 
cytopaphogenic; GD: gestation day; NAMP: National Arbovirus Monitoring 
Program; Ncp: non‑cytopathogenic; NSW: New South Wales, Australia; SBV: 
Schmallenberg virus; PCR: polymerase chain reaction; VICM: virus‑induced 
congenital malformation.
Authors’ contributions
JSA fostered the idea of the review and coordinated the writing process. JSA 
drafted the Background, MWT drafted the section on BVDV, KP drafted the 
sections on SBV and BTV, PAW drafted the section on AKAV and AV, and JSA/
PAW drafted the sections on congenital syndromes. All authors participated 
in the subsequent discussions and revisions of the entire text. All authors read 
and approved the final manuscript.
Authors’ information
JSA is professor in Veterinary Reproduction and Obstetrics and has done 
research and diagnostic in congenital syndromes and diseases in cattle since 
1989. He has been responsible for the diagnostic of genetic diseases in Danish 
cattle since 1989 and has published extensively within this area.
KP is specialist veterinary pathology since 1996 and is involved in diagnos‑
tic pathology and monitoring and surveillance of food animal diseases at GD 
Animal Health, the Netherlands.
MHT is professor in Veterinary Pathology and has done research in congeni‑
tal brain malformations occurring in cattle and sheep after spontaneous and/
or experimental BVDV infections.
PAW is Professor Emeritus and specialist veterinary surgeon in Pathobiol‑
ogy and Ruminant Health Management, having published numerous studies 
on congenital disorders of cattle and sheep since commencing his PhD on 
ruminant neurology in 1984.
Author details
1 Section for Veterinary Reproduction and Obstetrics, Department of Large 
Animal Sciences, Faculty of Health and Medical Sciences, University 
of Copenhagen, Dyrlaegevej 68, 1870 Frederiksberg C, Denmark. 2 Depart‑
ment of Pathology, University of Veterinary Medicine Hannover, Bünteweg 
17, 30559 Hannover, Germany. 3 Department of Pathology, GD Animal Health, 
Arnsbergstraat 7, P.O. Box 9, 7400 AA Deventer, The Netherlands. 4 Faculty 
of Veterinary Science, University of Sydney, Camden, NSW 2570, Australia. 
Compliance with ethical guidelines
Competing interests
JSA is editor‑in‑chief of Acta Veterinaria Scandinavia, but has not in any way 
been involved in or interacted with the review process or editorial decision 
making. The authors declare that they have no competing interests.
Additional files
Additional file 1. The ‘brevitarsis line’ displaying the northern distribution 
of the Culicoides sp. midges responsible for infections of ruminants with 
Akabane virus in Australia.
Additional file 2. Fact sheet on arthrogryposis multiplex from the Ameri‑
can Angus Association. Downloaded from http://www.angus.org/pub/
AM/AMFactSheet.pdf, 8 May 2015.
Additional file 3. Fact sheet on neuropathic hydrocephalus from the 
American Angus Association. Downloaded from http://www.angus.org/
pub/nh/nhfactsheet.pdf, 8 May 2015.
Received: 25 June 2015   Accepted: 30 August 2015
References
 1. MacLachlan NJ, Conley AJ, Kennedy PC. Bluetongue and equine viral 
arteritis viruses as models of virus‑induced fetal injury and abortion. 
Anim Reprod Sci. 2000;60–61:643–51.
 2. Grooms DL. Reproductive consequences of infection with bovine viral 
diarrhea virus. Vet Clin Food Anim. 2004;20:5–19.
 3. Brodersen BW. Bovine viral diarrhea virus infections: manifestations of 
infection and recent advances in understanding pathogenesis and 
control. Vet Pathol. 2014;51:453–64.
 4. Caporale M, Di Gialleonorado L, Janowicz A, Wilkie G, Shaw A, Savini 
G, et al. Virus and host factors affecting the clinical outcome of blue‑
tongue virus infection. J Virol. 2014. doi:10.1128/JVI.01641‑14.
 5. Rümenapf T, Thiel H‑J. Molecular Biology of Pestiviruses. In: Mettenleiter 
TC, Sobrino F, editors. Animal viruses: molecular biology. Norfolk: Caister 
Academic Press; 2008. p. 39–96.
 6. Houe H. Epidemiological features and economical importance 
of bovine virus diarrhea virus (BVDV) infections. Vet Microbiol. 
1999;64:89–107.
 7. Lanyon SR, Hill FI, Reichel MP, Brownlie J. Bovine viral diarrhea: patho‑
genesis and diagnosis. Vet J. 2014;199:201–9.
 8. Kendrick JW. Bovine viral diarrhea‑mucosal disease virus infection in 
pregnant cows. J Vet Res. 1971;32:533–44.
 9. Duffell SJ, Harkness JW. Bovine virus diarrhea‑mucosal disease infection 
in cattle. Vet Rec. 1985;117:240–5.
 10. Grant Maxie M, Youssef S. Nervous system. In: Grant Maxie M, editor. 
Jubb, Kennedy, and Palmer’s pathology of domestic animals. 5th ed. 
Edinburgh: Saunders Elsevier; 2007. p. 319–20.
 11. Ward GM. Bovine cerebellar hypoplasia apparently caused by BVD‑MD 
virus. A case report. Cornell Vet. 1969;59:570–6.
 12. Kahrs RF, Scott FW, de Lahunta A. Bovine viral diarrhea‑mucosal disease, 
abortion and congenital cerebellar hypoplasia in a dairy herd. J Am Vet 
Med Assoc. 1970;156:851–7.
 13. Kahrs RF, Scott FW, de Lahunta A. Congenital cerebellar hypoplasia and 
ocular defects in calves following Bovine viral diarrhea‑mucosal disease 
infection in pregnant cattle. J Am Vet Med Assoc. 1970;156:1443–50.
 14. Scott FW, Kahrs RF, deLahunta A, Brown TT, McEntee K, Gillespie JH. 
Virus induced congenital anomalies of the bovine foetus. I. Cerebellar 
degeneration (hypoplasia), ocular lesions and fetal mummification 
following experimental infection with bovine viral diarrhea‑mucosal 
disease virus. Cornell Vet. 1973;63:536–60.
 15. Brown TT, de Lahunta A, Bistner SI, Scott FW, McKentee K. Pathogenetic 
studies of infection of the bovine foetus with bovine viral diarrhea virus. 
Vet Pathol. 1974;11:486–505.
 16. Allen AG. Congenital cerebellar hypoplasia in Jersey calves. Aust Vet J. 
1977;53:173–5.
 17. Wilson TM, de Lahunta A, Confer L. Cerebellar degeneration in dairy 
calves: clinical, pathologic, and serologic features of an epizo‑
otic caused by bovine viral diarrhea virus. J Am Vet Med Assoc. 
1983;183:544–7.
 18. Bielefeldt Ohmann H. An oculo‑cerebellar syndrome caused by 
congenital bovine viral diarrhea virus infection. Acta Vet Scand. 
1984;25:36–49.
 19. Roeder PL, Jeffrey M, Cranwell MP. Pestivirus fetopathogenicity in cattle: 
changing sequelae with fetal maturation. Vet Rec. 1986;118:44–8.
 20. Trautwein G, Hewicker M, Liess B, Orban S, Grunert E. Studies on 
transplacental transmissibility of a bovine virus diarrhea (BVD) vaccine 
virus in cattle III. Occurrence of central nervous system malformations 
in calves born from vaccinated cows. J Vet Med B. 1986;33:260–8.
 21. Hewicker‑Trautwein M, Liess B, Trautwein G. Brain lesions in calves 
following transplacental infection with bovine‑virus diarrhea virus. J Vet 
Med B. 1995;42:65–77.
 22. Axthelm MK, Leipold HW, Jayasekara UM, Philips RM. Congenital micro‑
hydrancephalus in cattle. Cornell Vet. 1981;71:164–74.
Page 13 of 14Agerholm et al. Acta Vet Scand  (2015) 57:54 
 23. Badman RT, Mitchell G, Jones RT, Westbury HA. Association of bovine 
viral diarrhea virus infection to hydranencephaly and other central 
nervous system lesions in perinatal calves. Aust Vet J. 1981;57:306–7.
 24. Done JT, Terlecki S, Richardson C, Harkness JW, Sands JJ, Patterson DSP, 
et al. Bovine virus diarrhea‑mucosal disease virus: pathogenicity for the 
fetal calf following maternal infection. Vet Rec. 1980;106:473–9.
 25. Binkhorst GJ, Journée DLH, Wouda W, Straver PJ, Vos JH. Neurological 
disorders, virus persistence and hypomyelination in calves due to intra‑
uterine infections with bovine virus diarrhea virus. I. Clinical symptoms 
and morphological lesions. Vet Q. 1983;5:145–55.
 26. Barber DML, Nettleton PF, Herring JA. Disease in a dairy herd associated 
with the introduction and spread of bovine virus diarrhoea virus. Vet 
Rec. 1985;117:459–64.
 27. Riond J‑L, Cullen JM, Godfrey VL, Hunt EL, Anderson KL. Bovine viral 
diarrhea virus‑induced cerebellar disease in a calf. J Am Vet Med Assoc. 
1990;197:1631–2.
 28. Otter A, Welchman DB, Sandvik T, Cranwell MP, Holliman A, Millar 
MF, Scholes SFE. Congenital tremor and hypomyelination associ‑
ated with bovine viral diarrhea virus in 23 British cattle herds. Vet Rec. 
2009;164:771–8.
 29. Larsson B, Jacobsson SO, Bengtsson B, Alenius S. Congenital curly 
haircoat as a symptom of persistent infection with bovine virus diarrhea 
virus in calves. Arch Virol Suppl. 1991;3:143–8.
 30. Goller KV, Hoper D, Schirrmeier H, Mettenleiter TC, Beer M. Schmal‑
lenberg virus as possible ancestor of Shamonda virus. Emerg Infect Dis. 
2012;18:1644–6.
 31. Hoffmann B, Scheuch M, Hoper D, Jungblut R, Holsteg M, Schirrmeier 
H, et al. Novel orthobunyavirus in cattle, Europe, 2011. Emerg Infect Dis. 
2012;18:469–72.
 32. Konno S, Moriwaki M, Nakagawa M. Akabane disease in cattle: congeni‑
tal abnormalities caused by viral infection. Vet Pathol. 1982;19:246–66.
 33. Kirkland PD, Barry RD, Harper PA, Zelski RZ. The development of 
Akabane virus‑induced congenital abnormalities in cattle. Vet Rec. 
1988;122:582–6.
 34. Tsuda T, Yoshida K, Ohashi S, Yanase T, Sueyoshi M, Kamimura S, et al. 
Arthrogryposis, hydranencephaly and cerebellar hypoplasia syndrome 
in neonatal calves resulting from intrauterine infection with Aino virus. 
Vet Res. 2004;35:531–8.
 35. Elbers AR, Meiswinkel R, van Weezep E, van Oldruitenborgh‑Oosterbaan 
MM, Kooi EA. Schmallenberg virus in Culicoides spp. biting midges, the 
Netherlands, 2011. Emerg Infect Dis. 2013;19:106–9.
 36. De Regge N, Madder M, Deblauwe I, Losson B, Fassotte C, Demeule‑
meester J, et al. Schmallenberg virus circulation in Culicoides in Belgium 
in 2012: field validation of a real time rt‑PCR approach to assess virus 
replication and dissemination in midges. PLoS One. 2014;9:e87005.
 37. Rasmussen LD, Kirkeby C, Bodker R, Kristensen B, Rasmussen TB, 
Belsham GJ, et al. Rapid spread of Schmallenberg virus‑infected biting 
midges (Culicoides spp.) across Denmark in 2012. Transbound Emerg 
Dis. 2014;61:12–6.
 38. EFSA. “Schmallenberg” virus: analysis of the epidemiological data. 
2013. http://www.efsa.europa.eu/en/supporting/pub/429e.htm2013. 
Accessed 19 Feb 2015.
 39. Wernike K, Conraths F, Zanella G, Granzow H, Gache K, Schirrmeier 
H, et al. Schmallenberg virus—2 years of experiences. Prev Vet Med. 
2014;116:423–34.
 40. Elbers AR, Meiswinkel R, van Weezep E, Kooi EA, van der Poel WH. 
Schmallenberg virus in Culicoides biting midges in the Netherlands in 
2012. Transbound Emerg Dis. 2015. doi:10.1111/tbed.12128.
 41. Conraths FJ, Peters M, Beer M. Schmallenberg virus, a novel orthobun‑
yavirus infection in ruminants in Europe: potential global impact and 
preventive measures. N Z Vet J. 2013;61:63–7.
 42. Muskens J, Smolenaars AJG, van der Poel WHM, Mars MH, van Wuijck‑
huizen L, Holzhauer M, van Weering H, Kock P. Diarree en productiedal‑
ing op Nederlandse melkveebedrijven door het Schmallenbergvirus. 
Tijdschr Diergeneeskd. 2012;137:112–5.
 43. Wernike K, Silaghi C, Nieder M, Pfeffer M, Beer M. Dynamics of Schmal‑
lenberg virus infection within a cattle herd in Germany, 2011. Epidemiol 
Infect. 2014;142:1501–4.
 44. Veldhuis AM, Carp‑van Dijken S, van Wuijckhuise L, Witteveen G, van 
Schaik G. Schmallenberg virus in Dutch dairy herds: potential risk 
factors for high within‑herd seroprevalence and malformations in 
calves, and its impact on productivity. Vet Microbiol. 2014;168:281–93.
 45. Varela M, Schnettler E, Caporale M, Murgia C, Barry G, McFarlane M, et al. 
Schmallenberg virus pathogenesis, tropism and interaction with the 
innate immune system of the host. PLoS Pathog. 2013;9:e1003133.
 46. Herder V, Hansmann F, Wohlsein P, Peters M, Varela M, Palmarini M, et al. 
Immunophenotyping of inflammatory cells associated with Schmallen‑
berg virus infection of the central nervous system of ruminants. PLoS 
One. 2013;8:e62939.
 47. Wernike K, Holsteg M, Schirrmeier H, Hoffmann B, Beer M. Natural infec‑
tion of pregnant cows with Schmallenberg virus—a follow‑up study. 
PLoS One. 2014;9:e98223.
 48. Zientara S, Ponsart C. Viral emergence and consequences for reproduc‑
tive performance in ruminants: two recent examples (bluetongue and 
Schmallenberg viruses). Reprod Fertil Dev. 2014;27:63–71.
 49. Peperkamp NH, Luttikholt SJ, Dijkman R, Vos JH, Junker K, Greijdanus 
S, et al. Ovine and bovine congenital abnormalities associated with 
intrauterine infection with Schmallenberg virus. Vet Pathol. 2014. pii: 
0300985814560231. [Epub ahead of print].
 50. Bayrou C, Garigliany MM, Sarlet M, Sartelet A, Cassart D, Desmecht D. 
Natural intrauterine infection with Schmallenberg virus in malformed 
newborn calves. Emerg Infect Dis. 2014;20:1327–30.
 51. Maan NS, Maan S, Belaganahalli M, Pullinger G, Montes AJ, Gasparini 
MR, et al. A quantitative real‑time reverse transcription PCR (qRT‑PCR) 
assay to detect genome segment 9 of all 26 bluetongue virus sero‑
types. J Virol Methods. 2015. doi:10.1016/j.jviromet.2014.11.012.
 52. Maclachlan NJ. Bluetongue: history, global epidemiology, and patho‑
genesis. Prev Vet Med. 2011. doi:10.1016/j.prevetmed.2011.04.005.
 53. Coetzee P, Van Vuuren M, Stokstad M, Myrmel M, Venter EH. Bluetongue 
virus genetic and phenotypic diversity: towards identifying the molecu‑
lar determinants that influence virulence and transmission potential. 
Vet Microbiol. 2012. doi:10.1016/j.vetmic.2012.07.007.
 54. Elbers AR, Backx A, Meroc E, Gerbier G, Staubach C, Hendrickx G, et al. 
Field observations during the bluetongue serotype 8 epidemic in 2006. 
I. Detection of first outbreaks and clinical signs in sheep and cattle in 
Belgium, France and the Netherlands. Prev Vet Med. 2008. doi:10.1016/j.
prevetmed.2008.06.004.
 55. Wuijckhuise L, Dercksen D, Muskens J, de Bruijn J, Scheepers M, 
Vrouenraets R. Bluetongue in The Netherlands; description of the first 
clinical cases and differential diagnosis. Common symptoms just a 
little different and in too many herds [in Dutch]. Tijdschr Diergeneeskd. 
2006;131:649–54.
 56. Maclachlan NJ, Mayo CE. Potential strategies for control of bluetongue, 
a globally emerging, Culicoides‑transmitted viral disease of ruminant 
livestock and wildlife. Antiviral Res. 2013;99:79–90.
 57. Elbers AR, Backx A, Mintiens K, Gerbier G, Staubach C, Hendrickx G, et al. 
Field observations during the Bluetongue serotype 8 epidemic in 2006. 
II. Morbidity and mortality rate, case fatality and clinical recovery in 
sheep and cattle in the Netherlands. Prev Vet Med. 2008;87:31–40.
 58. Elbers AR, van der Spek AN, van Rijn PA. Epidemiologic characteristics 
of bluetongue virus serotype 8 laboratory‑confirmed outbreaks in The 
Netherlands in 2007 and a comparison with the situation in 2006. Prev 
Vet Med. 2009;92:1–8.
 59. Wouda W, Peperkamp NH, Roumen MP, Muskens J, van Rijn A, Vellema 
P. Epizootic congenital hydranencephaly and abortion in cattle due to 
bluetongue virus serotype 8 in the Netherlands. Tijdschr Diergeneeskd. 
2009;134:422–7.
 60. Vercauteren G, Miry C, Vandenbussche F, Ducatelle R, Van der Heyden 
S, Vandemeulebroucke E, et al. Bluetongue virus serotype 8‑associ‑
ated congenital hydranencephaly in calves. Transbound Emerg Dis. 
2008;55:293–8.
 61. Desmecht D, Bergh RV, Sartelet A, Leclerc M, Mignot C, Misse F, et al. 
Evidence for transplacental transmission of the current wild‑type strain 
of bluetongue virus serotype 8 in cattle. Vet Rec. 2008;163:50–2.
 62. Peters M, Mosenfechtel S, Jacobsen B, Beineke A, Wohlsein P. Blue‑
tongue virus serotype 8 (BTV‑8)‑associated brain malformations in two 
calves[in German]. Dtsch Tierärztl Wochenschr. 2008;115:298–303.
 63. Zanella G, Durand B, Sellal E, Breard E, Sailleau C, Zientara S, et al. 
Bluetongue virus serotype 8: abortion and transplacental transmission 
in cattle in the Burgundy region, France, 2008–2009. Theriogenology. 
2012;77:65–72.
Page 14 of 14Agerholm et al. Acta Vet Scand  (2015) 57:54 
 64. De Clercq K, De Leeuw I, Verheyden B, Vandemeulebroucke E, Vanbinst 
T, Herr C, et al. Transplacental infection and apparently immunotoler‑
ance induced by a wild‑type bluetongue virus serotype 8 natural 
infection. Transbound Emerg Dis. 2008;55:352–9.
 65. Dal Pozzo F, Saegerman C, Thiry E. Bovine infection with blue‑
tongue virus with special emphasis on European serotype 8. Vet J. 
2009;182:142–51.
 66. Santman‑Berends IM, van Wuijckhuise L, Vellema P, van Rijn PA. Vertical 
transmission of bluetongue virus serotype 8 virus in Dutch dairy herds 
in 2007. Vet Microbiol. 2010;141:31–5.
 67. Darpel KE, Batten CA, Veronesi E, Williamson S, Anderson P, Dennison 
M, et al. Transplacental transmission of bluetongue virus 8 in cattle, UK. 
Emerg Infect Dis. 2009;15:2025–8.
 68. Santman‑Berends IM, Hage JJ, van Rijn PA, Stegeman JA, van Schaik G. 
Bluetongue virus serotype 8 (BTV‑8) infection reduces fertility of Dutch 
dairy cattle and is vertically transmitted to offspring. Theriogenology. 
2010;74:1377–84.
 69. Williamson SM, Scholes SF, Welchman Dde B, Dennison M, Bat‑
ten CA, Williams DL, et al. Bluetongue virus serotype 8‑associated 
hydranencephaly in two calves in south‑eastern England. Vet Rec. 
2010;167:216–8.
 70. MacLachlan NJ, Osburn BI. Bluetongue virus‑induced hydranencephaly 
in cattle. Vet Pathol. 1983;20:563–73.
 71. MacLachlan NJ, Osburn BI, Ghalib HW, Stott JL. Bluetongue virus‑
induced encephalopathy in fetal cattle. Vet Pathol. 1985;22:415–7.
 72. Waldvogel AS, Anderson GA, Phillips DL, Osburn BI. Association 
of virulent and avirulent strains of bluetongue virus serotype 11 
with premature births of late‑term bovine foetuses. J Comp Pathol. 
1992;106:333–40.
 73. Hartley WJ, Saram WG, Della‑Porta AJ, Snowdon WA, Shepherd NC. 
Pathology of congenital bovine epizootic arthrogryposis and Akabane 
virus. Aust Vet J. 1977;53:319–25.
 74. Kirkland PD, Barry RD, Harper PA, Zelski RZPD. The development of 
Akabane virus‑induced congenital abnormalities in cattle. Vet Rec. 
1988;122:582–6.
 75. Jagoe S, Kirkland PD, Harper PAW. An outbreak of Akabane virus‑
induced abnormalities in calves after agistment in an endemic region. 
Aust Vet J. 1993;70:56–8.
 76. Coverdale OR. Congenital abnormalities in calves associated with 
Akabane virus and Aino virus. Aust Vet J. 1978;54:151–2.
 77. Cybinski DH, George TD. A survey of antibody to Aino virus in cattle and 
other species in Australia. Aust Vet J. 1978;54:371–3.
 78. Inaba Y, Kurogi H, Omari T. Akabane disease: epizootic abortion, 
premature birth, stillbirth and congenital arthrogryposis–hydranen‑
cephaly in cattle, sheep and goats caused by Akabane virus. Aust Vet J. 
1975;51:784–5.
 79. Bishop AL, Kirkland PD, McKenzie HJ, Barachia IM. The dispersal of Culi-
coides brevitarsis in eastern New South Wales and associations with the 
occurrences of arbovirus infections in cattle. Aust Vet J. 1996;73:174–8.
 80. Kessell A, Finnie J, Windsor PA. Review of neurological diseases of rumi‑
nant livestock in Australia. IV: viral infections. Aust Vet J. 2011;89:289–96.
 81. Kamata H, Inai K, Maeda K, Nishimura T, Arita S, Tsuda T, Sato M. 
Encephalomyelitis of cattle caused by Akabane virus in southern Japan 
in 2006. J Comp Pathol. 2009;140:187–93.
 82. Kono R, Hirata M, Kaji M, Goto Y, Ikeda S, Yanase T, et al. Bovine epizootic 
encephalomyelitis caused by Akabane virus in southern Japan. BMC Vet 
Res. 2008;13:4–20.
 83. Harper PAW, Healy PJ, Dennis JA. Inherited congenital myoclonus of Poll 
Hereford calves: a clinical, pathological and biochemical study. Vet Rec. 
1986;119:59–62.
 84. Gundlach AL, Dodd PR, Grabara CSG, Watson WEJ, Johnston GAR, 
Harper PAW, et al. Deficit of spinal cord glycine/strychnine receptors 
in inherited congenital myoclonus of Poll Hereford calves. Science. 
1988;241:1807–9.
 85. Agerholm JS, Holm W, Schmidt M, Hyttel P, Fredholm M, McEvoy FJ. 
Perosomus elumbis in Danish Holstein cattle. BMC Vet Res. 2014. 
doi:10.1186/s12917‑014‑0227‑2.
 86. Karakaya E, Alpay G, Yilmazbas‑Mecitoglu G, Alasonyalilar‑Demirer A, 
Akg AB, Inan‑Ozturkoglu S, et al. Perosomus elumbis in a Holstein calf 
infected with bovine viral diarrhea virus. Tierarztl Prax Ausg G Grosstiere 
Nutztiere. 2013;41:387–91.
 87. Yeruham I, Michael M, Perl S. An unusual congenital malformation in 
a calf with serological evidence of foetal bovine viral diarrhoea virus 
infection. Acta Vet Scand. 2001;42:425–8.
 88. Grant Maxie M, Youssef S. Nervous system. In: Grant Maxie M, editor. 
Jubb, Kennedy, and Palmer´s pathology of domestic animals. 5th ed. 
Edinburgh: Saunders Elsevier; 2007. p. 303–4.
 89. Constable PD, Hull BL, Wicks JR, Myer W. Femoral and tibial fractures in a 
newborn calf after transplacental infection with bovine viral diarrhoea 
virus. Vet Rec. 1993;132:383–5.
 90. Greene HJ, Leipold HW, Huston K, Noordsy JL, Dennis SM. Congenital 
defects in cattle. Irish Vet J. 1973;27:37–44.
 91. Shupe JL, James LF, Balls LD, Binns W, Keeler RF. A probable hereditary 
skeletal deformity in Hereford cattle. J Hered. 1967;58:311–3.
 92. Lauvergne J, Howell W, Rieger F, Faucon A. A review of lit‑
erature on the syndrome of arthrogryposis and palatoschisis 
(S.A.P.) in Charolais cattle 1976–1979. Ann Genet Sel Anim. 1979. 
doi:10.1186/1297‑9686‑11‑3‑271.
 93. Russell RG, Doige CE, Oteruelo FT, Hare D, Singh E. Variability in limb 
malformations and possible significance in the pathogenesis of an 
inherited congenital neuromuscular disease of Charolais cattle (syn‑
drome of arthrogryposis and palatoschisis). Vet Pathol. 1985;22:2–12.
 94. Greene HJ, Leipold HW, Huston K, Guffy MM. Bovine congenital 
defects: arthrogryposis and associated defects in calves. Am J Vet Res. 
1973;34:887–91.
 95. Windsor PA, Kessell A, Finnie J. Review of neurological diseases of 
ruminant livestock in Australia. V: congenital neurogenetic disorders of 
cattle. Aust Vet J. 2011;89:394–401.
 96. Rieck GW, Schade W. Arachnomelia (spider limbs), a new hereditary 
fatal malformation syndrome of cattle. Dtsch Tierarztl Wochenschr. 
1975;82:342–7.
 97. Testoni S, Gentile A. Arachnomelia in four Italian brown calves. Vet Rec. 
2004;155:372.
 98. Innes JRM, Russell DS, Wilsdon AJ. Familial cerebellar hypoplasia and 
degeneration in Hereford calves. J Pathol Bacteriol. 1940;50:455–61.
 99. Mitchell PJ, Reilly W, Harper PAW. Cerebellar abiotrophy in Angus cattle. 
Aust Vet J. 1993;70:67–8.
 100. Greene HJ, Leipold HW, Hibbs CM. Bovine congenital defects: variations 
of internal hydrocephalus. Cornell Vet. 1974;64:596–616.
 101. Wernike K, Kohn M, Conraths FJ, Werner D, Kameke D, Hechinger S, 
Kampen H, Beer M. Transmission of Schmallenberg virus during Winter, 
Germany. Emerg Infect Dis. 2013. doi:10.3201/eid1910.130622.
 102. Tizard JR. Immunity in the foetus and newborn. In: Tizard J, editor. 
Veterinary immunology. 9th ed. St. Louis: Elsevier; 2013. p. 225–39.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
